Abstract Cycling is a way for older adults to be physically active and remain healthy. This descriptive epidemiological study investigated the role of sociodemographic, biological, behavioral, and psychological correlates associated with cycling among community-dwelling older adults in Japan. This cross-sectional study, conducted in 2010, included 1,938 communitydwelling older adults aged 65 to 74 years, from three cities in Japan: Bunkyo City (urban area) and Fuchu City (suburban area) in Tokyo, and Oyama City in Shizuoka (rural area). Participants were randomly selected from resident registries and a questionnaire was mailed to each one (response rate of 75.7%). All data was self-reported, including cycling time. Multivariable logistic regression analysis was used to calculate the adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for cycling. The proportion of men and women who cycled was 30.1% and 28.3%, respectively. Cycling was strongly associated with residential area: in men, Fuchu (suburban) (ORs = 3.15, 95% CIs = 2.20-4.52), Oyama (rural) (0.14, 0.08-0.25); in women, Fuchu (suburban) (4.15, 2.80-6.16), Oyama (rural) (0.21, 0.11-0.40), compared to Bunkyo (urban). Moreover, cycling was inversely associated with being underweight (0.26, 0.08-0.80) in men; for women, it was inversely associated with living alone (0.51, 0.29-0.90) and with not working (0.56, 0.38-0.84), and positively associated with not driving often (2.81, 1.47-5.40), and with not possessing a driver's license (2.16, 1.23-3.79). The prevalence of cycling among older adults is relatively high in Japan. However, it varies greatly depending on residential area. Differences in residential areas may be taken into account to promote effective strategies for cycling.
Introduction
The demographics of the world are shifting rapidly toward a more aged population 1) . By 2014, the population aged 65 years and over in Japan had already reached 26% of the total population 2) . As the population ages, the importance of physical activity becomes increasingly evident among older adults 3) . Engaging in moderate-to-vigorous physical activity (e.g., walking and cycling) for 30 minutes 5 days per week significantly reduces the age-related risk of diseases in older adults 4, 5) . One review study has shown cycling significantly reduces risk for all-cause and cancer mortality 6) , and improves cardiovascular risk factors 6) . Increased activity also benefits mental health 7) . Furthermore, cycling may contribute to improved quality of life for older adults 8) , and it can be incorporated easily into a daily routine 9) , as it is non-weight bearing and thus has less impact on the joints than running or other sports 10) . Walking and cycling (i.e., active transportation) generate multiple indirect public health benefits such as transportation efficiency, community livability 11, 12) , and an improvement in environmental quality that results from reducing transport-related pollution 13, 14) associated with various negative health outcomes [15] [16] [17] [18] . Studies on cycling have predominantly been conducted in Europe, North America, and Australia 19) ; however, few studies have investigated the role of sociodemographic, biological, behavioral, and psychological correlates related to cycling levels of older adults 20, 21) . This is especially true in Japan, which is a rapidly aging society and one of the great bicycle nations of the world, ranking alongside the *Correspondence: inoue@tokyo-med.ac.jp Netherlands and Germany in terms of per capita bicycle ownership and use 22) . Identifying correlates or determinants of cycling in older adults is necessary for making decisions and helping intervention designers and policy makers to maximize the benefits of cycling for an aging society. The purpose of this study was to present a descriptive epidemiology of cycling, and to examine correlates associated with cycling among older adults in Japan.
Methods
Participants and data collection. This cross-sectional study was conducted in 2010. The study sample was randomly selected from a population of adults aged 65 to 74 years living in one of three Japanese cities, and was stratified by gender (men, women), age group (65-69 years, 70-74 years) and city (900 from each); 1350 residents of each gender, 1350 residents of each age group, and 900 residents from each area were identified 23) . In terms of the three cities, three municipalities of various urbanizations -one each from a metropolitan urban area, a suburban area, and a rural area -were chosen according to population density level. In addition, the authors also referred to urbanization classifications used in the Japanese Survey of Household Economy for choosing three cities 24) . Data were obtained from municipal resident registries of the following cities: Bunkyo City in Tokyo, Fuchu City in Tokyo, and Oyama City in Shizuoka Prefecture (Fig. 1 
20,783).
A total of 2,700 potential participants received an invitation letter, and 2 weeks later a questionnaire and consent form. Of the 2,700 recipients, 2,045 (75.7%) completed and returned the questionnaire. However, 107 of these were excluded because of incomplete responses (n = 51) or because they had existing physical barriers to daily activity (n = 56). The existence of physical barriers was evaluated based on one questionnaire item that assessed physical functioning: "During the past 4 weeks, how much did physical health problems limit your usual physical activities (such as walking or climbing stairs)?" 25) ; participants who answered "Could not do physical activities" were excluded. The final number of participants included in our analysis was 1,938.
Participants signed the consent form before answering the questionnaire. Ethical approval for the study was obtained from the Tokyo Medical University Ethics Committee prior to the survey (No. 1273).
Measures

Dependent variable (Cycling). Cycling time per day
was measured with a multiple-choice questionnaire; participants reported cycling time, regardless of the purpose (e.g., leisure versus utility). This question drew on a common existing questionnaire item 26) , which asked the respondent what their average daily walking time was, and simply replaced walking with cycling. Participants were given four alternative responses to the question, "How long do you ride a bicycle on average during a day?": no cycling, less than 15 minutes, 15-30 minutes, and more than 30 minutes. Cycling was classified into a two-value variable: "no cycling" and "cycling" (less than 15 min- 
Independent variables (Sociodemographic variables).
Having obtained data for age, gender, and residential area from the resident registry of each relevant municipality, living arrangement and working status were acquired by self-reported questionnaires.
Independent variables (Psychological variables).
Psychological distress level was measured by the Kessler Psychological Distress Scale (K6), which consists of six items measured on a five-point scale 27) ; more than five total points indicates psychological distress 28) . This scale was translated into Japanese and has shown good reliability and validity 27, 29) . Self-rated health was measured with an item from the Short Form-8 (SF-8) 25) , which is an instrument commonly used to assess health-related quality of life (QOL): "Overall, how would you rate your health during the past 4 weeks?" The answers were categorized into "good" (options: excellent, very good, and good) and "bad" (options: fair, poor, and very poor).
Independent variables (Biological variables). Body Mass Index (BMI)
30) (kg/m 2 ) was calculated from self-reported height and weight. Perceived physical fitness was measured on a six-item scale that was part of the National Health and Nutrition Examination Survey in Japan 31) (e.g., "Are you able to go up the stairs to the third floor without a rest?", and "Are you able to continue to walk with hurried steps for 30 minutes?"). Physical fitness level was dichotomized into "high" or "low" based on the median value of the total score.
Independent variables (Behavioral variables)
. Driving status was evaluated by self-report. Smoking status and alcohol intake were examined using question items from the National Health and Nutrition Examination Survey in Japan 31) .
Statistical analyses. The proportion of cycling for each independent variable was calculated, first for the overall sample and then separately for men and women. A chisquared test was conducted to determine whether there was a significant association between variables. The correlates associated with cycling were determined using two regression analysis models. Multivariable logistic regression analysis was used to calculate the adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of cycling time for each variable, including sociodemographics. Each variable was classified as follows: age = "65 to 69" or "70 to 74" years; residential area = "Bunkyo: urban", "Fuchu: suburban", "Oyama: rural"; living arrangement = "living with others" or "living alone"; BMI = "underweight", "normal", or "overweight"; psychological distress level = "low" or "high"; self-rated health = "good" or "bad"; perceived physical fitness = "high" or "low"; driving status = "frequently", "not often", or "no driver's license"; alcohol intake = "5 to 7 days/week", "1 to 4 days/week", or "no"; smoking = "yes" or "no". Dummy variables were used for residential area, BMI, driving status, and alcohol intake. Two models were performed by gender, simultaneously controlling for potential confounders: Model 1, which included an adjustment for age, and Model 2, which added adjustments for all variables (i.e., entering all). Significance level set at p < 0.05. All statistical analyses were conducted using IBM SPSS Statistics version 21 (SPSS Inc., Tokyo, Japan). Table 1 shows the prevalence of cycling among the participants. Of the 1,938 participants, 50.9% were men, with a mean age of 69.5 years; the mean age for women was 69.6 years.
Results
A higher proportion of cyclists was observed among older adults who: were working (33.1%), had normal BMIs (31.8%), had lower psychological distress level (i.e., scored <5 points on K6) (31.3%), had good self-rated health (31.0%), had higher physical fitness (33.8%), did not drive a car often (41.3%), and had more frequent alcohol intake (34.4%). Furthermore, the proportion of cyclists among older adults varied greatly by residential area in both genders. For men, the distribution was: Bunkyo (30.1%), Fuchu (58.4%), and Oyama (5.7%); for women: Bunkyo (24.7%), Fuchu (54.5%), and Oyama (5.2%). Table 2 shows the correlates associated with cycling among older adults. In the model adjusting for age (Model 1), cycling for men was associated with residential area, BMI, self-rated health, perceived physical fitness, and driving status. For women, cycling was associated with residential area, working status, perceived physical fitness, driving status, and alcohol intake. However, selfrated health, physical fitness, and alcohol intake were not significant in the fully adjusted model (Model 2). In Model 2, cycling was strongly associated with residential area in both genders. Compared to Bunkyo, more cyclists were found in Fuchu (men: ORs 3.15, 95% CIs = 2.20-4.52; women: 4.15, 2.80-6.16) and less cyclists were found in Oyama (men: 0.14, 0.08-0.25; women: 0.21, 0.11-0.40). However, some gender differences were observed. For example, cycling for men was inversely associated with being underweight (0.26, 0.08-0.80), and for women with living alone (0.51, 0.29-0.90) and with not working (0.56, 0.38-0.84). Moreover, cycling was positively associated with women who did not drive often (2.81, 1.47-5.40) and with no driver's license (2.16, 1.23-3.79).
Discussion
In this study, we showed descriptive data relating to cycling among older adults in three Japanese cities; our 
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Not oft en support for bicycle use, including bike-sharing and road maintenance for promoting city cycling, all of which contribute to the high proportion of older adults who cycle 39) . Other examples of public strategies can be found in European countries such as Denmark and the Netherlands, where there are wide road networks dedicated to cycling and integrated with the public transportation system 32) . Thus, government strategies could play a role in promoting cycling.
With respect to gender, our analysis showed very little difference between men and women; the proportion of cyclists was 30.1% for men and 28.3% for women. Furthermore, no differences were observed after a stratified analysis by residential area. Our findings suggest that cycling is nearly gender-neutral in Japan, at least in older adults, which is similar to other countries such as Denmark, Germany, and the Netherlands (i.e., bicycle nations), while it is dominated by men in the US, the UK, and Canada 13) . It has been suggested that the negative attitudes toward cycling that many US women appear to have may be attributable to the image of cycling as a fitness activity rather than a more practical activity, as observed in cycling-heavy countries like Japan 32) . Moreover, traffic safety may make an important contribution to high cycling rates among Japanese women and seniors. Feeling unsafe has been related to a decreased likelihood of daily cycling for transportation in women, but not in men 38) . Concerns about the environment have been suggested as an important motivational factor, especially for women 40) . Additionally, the presence of street lights has been shown to increase the likelihood of daily cycling among older women 38) . In New York, for example, even with lower percentages of women and senior cyclists, the traffic-related fatality rate is almost 20 times higher than in Japan, and about four times higher than London and Paris 32) . Many older women use bicycles in Japan, which arguably indicates that cycling is safe and convenient for everyone 11, 41) . Thus, the higher rate of women cyclists contributes to the high overall proportion of cyclists in Japan. Indeed, other research has shown a strong positive correlation between a country's or city's cycling rate and the percentage of bicycle trips by women 32) . Our study also found that cycling for women was positively associated with living with others and with working (i.e., having active social roles). Thus, women's household and work responsibilities could provide opportunities for bicycle commuting.
The particular strengths of this study are: 1) high response rate (75.7%) we achieved by encouraging invitees to participate in the survey (e.g., sending reminders to return completed questionnaires), and thereby obtaining results that are highly relevant for community-dwelling older adults in Japan; 2) random selection of participants from multiple communities; 3) focus on older adults; and, 4) inclusion of sociodemographic, biological, behavioral, and psychological correlates that were combined to proresults also showed many associated sociodemographic, biological, behavioral, and psychological aspects. Significant associations with cycling were found between residential area and BMI in men, and between residential area, living arrangement, working status, and driving status in women.
The average proportion of cycling among older adults in Japan was 29.2%, which is relatively high compared to that of adults over 65 years of age in other countries such as the Netherlands (23%), Denmark (15%), Germany (9%), the US (<1%), and the UK (<1%) 32) . Our findings, however, showed that the proportion of cycling differed substantively by residential area for both genders: cycling was most frequent in Fuchu (suburban) and least frequent in Oyama (rural). There are several potential explanations for this finding. One influence could be geographical. For example, Bunkyo features a higher prevalence of steeply pitched slopes and hills, while the Fuchu landscape is quite flat 33) . The considerably lower cycling rates in Oyama could be explained by the existence of high levels of sprawl (e.g., low density, decentralized, and disconnected development) 34) , as well as by its topography (e.g., sloped, hilly terrain, and steps). These geographical differences may negatively affect older adults' bicycle use because their functional limitations make them more susceptible to physical barriers relating to fear of moving outdoors [35] [36] [37] . A second reason for cycling differences among the three locations could be that heavy traffic and congested streets make cycling in metropolitan areas more stressful and dangerous than in suburban areas 32) . Some studies suggest, for example, that the availability of parks and streets with bicycle paths encourages cycling 32, 38) . Another problem for cyclists in metropolitan areas is lack of space for parking bicycles 32) . The results of our study support the findings of Van Cauwenberg and colleagues, whose Belgian study showed that urban residents were more likely than suburban residents to walk for daily transportation, whereas cycling for daily transportation was less prevalent among urban than semi-urban residents 38) . A third explanation for cycling differences among the study locations might be that living in a low-density area forces people to rely on their automobiles instead of walking and cycling for transportation. Indeed, our findings showed that driving was most frequent among residents in Oyama (67.9%), where population density is lower (Fig.  1 ), compared to residents in Bunkyo (34.0%) and Fuchu (36.1%). The high fees (e.g., parking fees) 32, 39) imposed on residents of Tokyo's inner cities, by contrast, discourage car use, restrict car ownership, and thus indirectly encourage cycling as a cheap alternative and convenient form of transport 40) . Finally, there may be a government policy aspect to location differences in older adult bicycle use. The Tokyo Metropolitan Government encourages its citizens to use bicycles as a part of their Transportation Demand Management (TDM) Plan, which was developed to reduce automobile trips. It also provides general vide a more comprehensive understanding.
The limitations of this study should also be considered. First, we did not explore the purpose for cycling. However, based on question items about leisure time activities, only 37 participants rode a bicycle for recreation; thus, we assume that our findings reflect the prevalence of cycling for transportation. Second, the age range of participants was limited, and, therefore, the results of this study cannot be generalized to more age groups (≥75 years). Third, the cross-sectional design does not allow for the establishment of causal relationships. Reverse causality is possible, especially for some variables such as BMI, perceived physical fitness, and perceived health. Our study indicated that being underweight was negatively related to cycling among men, which was probably due to the perception that lack of cycling (i.e., physical activity) was related to frailty 42) (even though our analysis model included perceived physical fitness, which may not fully explain frailty). Fourth, the number of Japanese older adults who use an electric bicycle is unclear in the current study. There could be a difference in proportion of participants using an electric bicycle based on residential area. Electric bicycles may also enable older adults who are physically weak or live in hilly locations to promote bicycle use. Fifth, the three locations are not necessarily representative of all Japanese rural, suburban and urban cities. Although these cities were chosen according to urbanization level, it is necessary to take note of the generalizability of these results. Further research including a wider variety of areas is needed to investigate associations between cycling and residential area. Finally, all data were self-reported, which is susceptible to reporting bias. While cycling time can be reliably self-reported, there is potential for discrepancies between perception and reality, and for social desirability associated with many of the variables.
In conclusion, the prevalence of cycling among older adults in Japan is relatively high compared to even northern European cycling countries, providing a means for regular physical activity; but varies greatly depending on type of residential area. Our findings identify particular sociodemographic, biological, behavioral, and psychological correlates related to cycling among older adults living in three Japanese cities. Differences in residential area should be taken into account when designing strategies to effectively promote cycling among older adults.
